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Abstract

Objectives In patients with unresectable malignant hilar biliary obstruction (UMHBO), drainage of >50% liver volume
correlates with better clinical outcomes. Accurately measuring the liver volume to be drained by biliary stents is required.
We aimed to develop a novel method for calculating the drained liver volume (DLV) using a 3D volume analyzer (3D volu-
metry), and assess the usefulness for drainage in patients with UMHBO.

Methods Three-dimensional volumetry comprises the following steps: (1) manual tracing of bile duct using 3D imaging
system; (2) 3D reconstruction of bile duct and liver parenchyma; and (3) calculating DLV according to the 3D distribution
of bile ducts. Using 3D volumetry, we reviewed data of patients who underwent biliary drainage for UMHBO, calculated the
DLV, and determined the association between DLV and biliary drainage outcome.

Results There were 104 eligible cases. The mean DLV was 708 +£393 ml (53% =+ 21%). and 65 patients (63%) underwent
drainage of >50% liver volume. The clinical success rate was significantly higher in patients with DLV >50% than in
patients with DLV <50% (89% vs. 28%, P <0.001). The median time to recurrence of biliary obstruction (TRBO) and sur-
vival time were significantly longer in patients with DLV > 50% than in patients with DLV <50% (TRBO, 292 vs. 119 days,
P=0.03; survival, 285 vs. 65days, P=0.004, log-rank test, respectively).

Conclusions Three-dimensional volumetry, a novel method to calculate DLV accurately according to bile duct distribution
was useful for drainage in UMHBO patients.

Keywords Hilar biliary obstruction - Biliary drainage - Liver volume * 3D Volume analyzer

Introduction

Effective drainage of obstructive jaundice is essential for
improving the quality of life of patients with unresect-
able malignant hilar biliary obstruction (UMHBO). Over
the past years, various procedure of biliary drainage for
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UMHBO have been performed: percutaneous or endo-
scopic route, plastic or metallic stents, and single or
multiple stenting [1-7]. In the recent years, endoscopic
biliary drainage is considered as first-line treatment for
UMHBO. Furthermore, EUS-guided biliary drainage has
emerged as a novel method for UMHBO [8, 9]. However,
no consensus has been reached on the optimal drainage
strategy for treating hilar biliary obstruction due to the
anatomical complexity. In UMHBO, the bile ducts are
separated into numerous cavities; thus, drainage of the
entire liver is very difficult in cases of severe obstruction.

Drainage of >50% liver volume is reported to be
correlated with clinical success of biliary drainage and
prolonged survival in patients with UMHBO [10, 11].
The European Society of Gastrointestinal Endoscopy
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(ESGE) guideline also suggests the above strategy [12].
The appropriate biliary drainage based on liver volume
is important for clinical success and prolonged survival
time. However, the method for accurately measuring
the liver volume to be drained by biliary stents has not
been established. Computed tomography (CT) volumetry
is the only method for measuring drained liver volume
(DLV) reported to date; however, CT volumetry mea-
sures the volume of the hepatic segment delimited by
the liver veins and portal veins, not the bile duct, which
may cause a mismatch with the actual liver volume to be
drained from the bile duct. To measure the true DLV, the
method for calculating liver volume according to the bile
duct distribution is required.

A three-dimensional (3D) volume analyzer (The SYN-
APSE VINCENT; Fujifilm) can display 3D images of the
liver based on CT and magnetic resonance (MR) images.
It also can extract the perfusion area of individual portal
vein branches in the liver and can automatically calculate
each liver volume according to the portal vein distribu-
tion. This method is used to calculate liver volume before
liver resection and transplantation [13—16]. Using this
method to manually extract the area of each bile duct in
the liver, measuring for the true DLV according to the
bile duct distribution could be possible. In this study,
we aimed to develop a novel method of calculating DLV
using a 3D volume analyzer (3D volumetry) and assess
the usefulness for drainage in patients with UMHBO.

Methods
Patients

This single-center retrospective study reviewed data of
patients who underwent a biliary drainage procedure
for UMHBO between March 2004 and April 2022. The
inclusion criteria were as follows: obstructive jaundice
caused by UMHBO (Bismuth classification III and IV);
abdominal CT scan performed within 2 weeks before
drainage; and clinical biochemical tests performed
before and 14 days after drainage. The exclusion criteria
were as follows: cases of Bismuth classification I and II
obstructions; or presence of UMHBO without jaundice
before drainage, for which drainage was prophylactically
performed. The cases of Bismuth classification I and II
in which the drainage of total liver could be easily per-
formed were excluded to assess the drainage of severe
obstruction of UMHBO. This study was approved by the
University of Yamanashi Hospital Institutional Review
Board with approval number 2674.
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3D Volumetry

We developed a novel method to calculate DLV (3D
volumetry) using a 3D volume analyzer (The Synapse
Vincent; Fujifilm). This method comprised the following
steps: (1) transfer of CT images (axial view) to the 3D
imaging system; (2) manual tracing of bile duct using CT
images (Fig. 1a); (3) 3D reconstruction of bile duct and
liver parenchyma (Fig. 1b); and (4) calculation of DLV
by the biliary stents according to the 3D distribution of
bile ducts (Fig. lc). At least 2 gastroenterologists spe-
cialized in the bile ducts calculated DLV by using this
method.

Outcome

Using 3D volumetry, we calculated the total liver vol-
ume, liver volume of each segment, including the ante-
rior and posterior segments of the right liver and lateral
and medial segments of the left liver, and DLV by the
biliary stents. To validate the accuracy of the DLV cal-
culation, we assessed the association between the calcu-
lated DLV and outcome of biliary drainage. The patients
were divided into the following two groups according to
the calculated DLV, DLV < 50% and DLV > 50% groups.
The clinical success rate, rate of recurrence of biliary
obstruction (RBO), time to RBO (TRBO), survival time,
and adverse event rate were compared between the two
groups. Outcomes were defined as follows according to
Tokyo criteria 2014 [17]. Clinical success was defied as
cases in which total bilirubin was reduced or normalized
by 50% or more within 2 weeks after drainage, RBO as
stent occlusion or migration, TRBO as period between
drainage and RBO, the patient who had died without
RBO were treated as censored cases, and survival time as
the time from drainage to death.

Statistical Analysis

The y? test or Fisher’s exact test of the contingency table
was used for univariate analysis of the categorical data,
and for quantitative data, the Student’s t-test was used.
Statistical analyses for TRBO and overall survival were
performed by using the Kaplan—Meier method with
log-rank test. We considered a P value of <0.05 to be
significant.
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Drained liver volume: DLV

Fig. 1 Three-dimensional (3D) volumetry for calculating drained liver
volume. We used a 3D volume analyzer (The SYNAPSE VINCENT;
Fujifilm) to calculate the drained liver volume. (a) Manual tracing of
bile duct using CT images. (b) Three-dimensional reconstruction of
the bile duct and liver parenchyma. (¢) Calculation of DLV according

Results
Patient Characteristics

Among the 164 patients who underwent biliary drainage
for UMHBO during the study period, 56 were classified
as Bismuth type I or II and 4 patients underwent biliary
drainage prophylactically. Excluding these patients, 104
patients who fulfilled the study criteria were included in
the final analysis. The patient characteristics are shown
in Table 1. Median age of the patients was 75 years
(range, 44-92), and the patients comprised 70 men and
34 women. The etiologies included cholangiocarcinoma
in 67 patients (64%), hepatocellular carcinoma in 13
patients (13%), gallbladder carcinoma in 8 patients (7%),
lymph node metastasis in 2 patients (2%), and metastatic

Drained liver volume: DLV

to the 3D distribution of bile duct and Bismuth classification. The stent
is inserted into the anterior hepatic duct. Each DLV is calculated as
the volume of the yellow area in Bismuth classifications IIla (c1) and
Ib (c2)

liver carcinoma in 14 patients (24%). According to the
Bismuth classification, 37 patients (37%) were classi-
fied as type Illa, 10 (9%) as type IlIb, and 57 (55%) as
type IV. Furthermore, 7 patients had bile duct deviations.
Regarding to the drainage procedure, endoscopic bili-
ary stenting (plastic stent/ self-expanded metallic stent),
endoscopic nasobiliary drainage, and percutaneous tran-
shepatic biliary drainage were performed in 98 (46/52),
6, and 6 patients, respectively.

Calculation of Total Liver Volume and Drained Liver
Volume

We first calculated the total liver volume and DLV of

104 patients using 3D volumetry. A representative case
of unresectable hilar cholangiocarcinoma with Bismuth
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Table 1 Patient characteristics

Characteristics
Age, year, median [range] 75 [44-92]
Gender, male / female (%) 70 (67) /34 (33)
Primary disease, n (%)
Cholangiocarcinoma 67 (64)
HCC 13 (13)
Gallbladder carcinoma 8(7)
Lymph node metastasis 2(2)
Liver metastasis 14 (14)
Bismuth classification, n (%), [1la/I1Ib/IV 37(337)/10(9)/
57 (55)
Deviations of bile duct, n (%) 7(7)
Number of drainage device, One / Two / Three 83/19/2

Drainage method, Plastic stent/ SEMS /ENBD 46/52/6/6
/PTBD

HCC, hepatocellular carcinoma; SEMS, self-expanded metallic
stent; ENBD, endoscopic nasobiliary drainage; PTBD, percutaneous
transhepatic biliary drainage

Fig. 2 Calculation of drained liver volume in patient with an unresect-
able hilar cholangiocarcinoma. (a) Biliary obstruction was caused by
hilar cholangiocarcinoma, and the Bismuth classification was type
IIIa. (b) Three-dimensional (3D) reconstruction of the bile duct and
liver parenchyma based on CT images. (¢) Liver volume was calcu-
lated automatically based on 3D reconstruction images by using a 3D
volume analyzer. The total liver volume was 1395 ml, and volumes
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classification type Illa is shown in Fig. 2. Endoscopic
retrograde cholangiopancreatography (ERCP) was per-
formed to treat obstructive jaundice, and uncovered
self-expandable metallic stents (UC-SEMSs) were suc-
cessfully placed in the right anterior bile duct and left lat-
eral bile duct by stent in stent method. We manually traced
the bile ducts displayed on the enhanced CT images (axial
view), and reconstructed the 3D images of bile ducts and
liver parenchyma (Fig. 2b). Then, we measured the total
liver volume and DLV according to bile duct distribu-
tion, in which stents placed and Bismuth classification
automatically using 3D volume analyzer. The total liver
volume was 1395 ml. The volumes of anterior, posterior,
medial, and lateral segment of liver were 555 ml (40%),
388 ml (28%), 151 ml (11%), 297 ml (21%), respectively
(Fig. 2¢). According to distribution of bile ducts in which
stents placed and Bismuth classification, the drained liver

Drained liver volume: DLV

of each liver segments were calculated as follows: anterior segment
(blue area) as 555 ml (40%), posterior segment (orange area) as 388 ml
(28%), inferior segment (pink area) as 151 ml (11%), and lateral seg-
ment (green area) as 297 ml (21%). (d) According to stent placement
and Bismuth classification, the drained liver areas were the anterior
segment and left lobe (yellow area), and drained liver volume was cal-
culated as 1003 ml (72%)
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Table 2 Liver volume analysis

Liver volume analysis

Total liver volume, ml, mean+ SD 1320+421
Liver volume of each segment, ml, mean=+ SD (%)
Anterior segment 4804223 (37)

Posterior segment 395+170 (30)

Medial segment 125486 (10)

Lateral segment 317220 (23)
Drained liver volume, ml, mean+ SD 708 +393
Drained liver volume, %, mean+ SD 52.9+20.6
Drained liver volume > 50%, n (%) 65 (63)

Table 3 Patient characteristics of patients with DLV >50% and
DLV <50%

DLV>50% DLV<50% P
value
(n=065) (n=39)
Age, year, median [range] 73 [42-92] 76[59-89] 0.15
Gender, male, 1 (%) 42 (65) 28 (72) 0.52
Performance status 11 (17) 8(23) 0.65
(ECOG) =3, n (%)
Etiology, cholangiocarcinoma, 48 (74) 19 (49) 0.01
n (%)
Distant metastasis, n (%) 33 (51) 20 (51) 0.96
Portal vein involvement, n (%) 34 (52) 23 (59) 0.55

areas were anterior segment and left lobe, and DLV was
calculated as 1003 ml (72%) (Fig. 2d).

Using the abovementioned method, we calculated the
total liver volume and DLV of 104 patients (Table 2).

Fig. 3 Rate of clinical success
and drained liver volume. The
rate is significantly higher in the
DLV > 50% group than in the

DL %
V < 50% group 100%

90%
80%
70%
60%
50%

10%

Rate of clinical success (%)

30%

20%

10%

0%

DLV >50%

The mean total liver volume was 1320 +421 ml, and the
mean volume of each segments was calculated as fol-
lows: anterior segment as 480+223 ml (37%), poste-
rior segment as 395+ 197 ml (30%), inferior segment as
125+ 86 ml (10%), and lateral segment as 317 +222 ml
(23%), respectively. The mean DLV was 708 +393 ml
(53 £21%), and 65 patients (63%) underwent drainage of
> 50% liver volume.

Drained Liver Volume and Drainage Outcome

Among the 104 patients, 65 patients (63%) underwent
drainage of >50% of the liver volume (DLV>50%
group), and 39 patients (37%) underwent drainage of
<50% of the liver volume (DLV <50% group). The
patient characteristics of 2 groups are shown in Table 3.
There were no statistically significant differences in
median age, gender, performance status (ECOGQG), rate
of distant metastasis, and rate of portal vein involve-
ment between 2 groups. The clinical success rate, rate
of RBO, TRBO, survival time, and adverse event rate
were compared between the 2 groups. The clinical suc-
cess rate of patients with DLV >50% was significantly
higher than that of patients with DLV <50% (89% vs.
28%, P<0.001) (Fig. 3). There were no statistically sig-
nificant differences in rate of RBO and adverse event rate
between 2 groups (Table 4). However, the median TRBO
was significantly longer in patients with DLV >50%

P <0.001
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Table 4 Clinical outcome of patients with DLV >50% and DLV < 50%

DLV>50% DLV<50% P value
(n=65) (n=39)
Clinical success, 1 (%) 58 (89) 11 (28) <0.001
RBO, n (%) 28 (43) 13 (33) 0.41
Ingrowth/mucosal 10 (15) 3(8) 0.36
hyperplasia
Overgrowth 2(3) 2(5) 0.61
Sludge 15 (23) 3(8) 0.06
Food impaction 1(2) 13 (12) 1.00
Hemobilia 0 1(3) 0.38
Kinking 0 1(3) 0.38
Migration 0 318 0.05
Complication other than 10 (15) 5(13) 0.78
RBO, n (%)
Pancreatitis 5(8) 2(5) 1.00
Cholangitis 5(8) 3(8) 1.00

RBO, recurrent biliary obstruction

than in patients with DLV <50% [292 (95.0% CI, 186—
439) days for DLV >50% and 119 (95.0% CI, 14-329)
days for DLV <50%]; (P=0.03) (Fig. 4). Furthermore,
the median survival time in patients with DLV >50%
was also longer than that of patients with DLV <50%
(DLV >50% group, median 285 days [95.0% CI, 176—
443]; DLV <50% group, median 65 days [95.0% CI,
33-139]; P=0.004, log-rank test) (Fig. 5). Thus, DLV

Fig.4 The Kaplan-Meier curve of
time to recurrent biliary obstruc- h
tion in the DLV > 50% and DLV .
< 50% groups |

|

1.00 -

0.80 1

0.60 -

0.40

Probability of non recurrent biliary obstruction

calculated using 3D volumetry was significantly associ-
ated with the clinical success rate, TRBO, and survival
time in patients with UMHBO.

Discussion

In this study, we developed a novel method to calculate DLV
using a 3D volume analyzer (3D volumetry). This method
comprises manual tracing of bile ducts on CT images, 3D
reconstruction of bile ducts, and automatic calculation of
DLV based on 3D images. Using this method, the liver vol-
ume can be calculated according to the bile duct distribu-
tion, allowing accurate measurement of the liver volume
drained by the biliary stent. Furthermore, we assessed the
usefulness of DLV calculated by this method for drainage in
patients with UMHBO. In patients who underwent drainage
of >50% liver volume calculated by 3D volumetry, the clin-
ical success rate was better, and TRBO and survival time
were longer than those of patients who underwent drainage
of <50% liver volume.

Over the past years, a number of studies concerning the
drainage route, the drainage area, the number, size, and
material of the stents for drainage in patients with UMHBO
have been reported [18-27]. In particular, several stud-
ies have evaluated the drainage area: whether unilateral or

Median time to recurrent biliary obstruction

—— DLV >250% (n=58): 292days
P=0.03
DLV <50% (n=11): 119days

0.00
0 200
Number at risk
DLV >50% 58 20
DLV <50% 11
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Fig.5 Kaplan-Meier curve of sur-
vival time depending in the DLV
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bilateral stenting is better [18, 28—30]. In those studies, two
studies have focused on the importance of liver volume to be
drained by biliary stents [10, 11]. Takahashi et al. reported
that liver volume drainage of >33% in patients with pre-
served liver function and liver volume drainage of >50%
in patients with impaired liver function correlated with
better clinical success rate of drainage for UMHBO [10].
Vinnie et al. reported that liver volume drainage of >50%
was associated with better clinical success rate and longer
survival time in patients with UMHBO [11]. These studies
have shown that DLV is the most important parameter to
ensure effective drainage in patients with UMHBO. In these
studies, CT volumetry was shown as a method for measur-
ing DLV. However, CT volumetry has two limitations. First,
this method measures the volume of the hepatic segment
delimited by the liver vein and portal vein, not the bile duct,
which may cause a mismatch with the actual liver volume
to be drained from the bile duct. Particularly, in cases with
bile duct deviations, such as the right posterior branch con-
necting to the left hepatic duct, CT volumetry cannot accu-
rately measure the DLV. Second, CT volumetry consists of
all manual steps. In CT volumetry, DLV is calculated as the
summed areas of each section manually traced based on CT
images. This step takes a lot of time and could be subjective
and lacking in reproducibility.

In the present study, we developed a novel method, 3D
volumetry, using a 3D volume analyzer. This method can
calculate each liver volume according to the distribution of
bile ducts and DLV is calculated semi-automatically just
by manually tracing the bile ducts. In clinical practice, the
method of stenting (bile duct branches to be drained, num-
ber of stents) is based on the subjective judgment of the
operator and therefore varies from institution to institution.
Using the 3D volumetry method developed in this study, the
optimal stenting method can be selected at any institution
based on evidence. This allows for safe and effective drain-
age methods to be selected even in institution without spe-
cialists. Furthermore, a fully automatic system is expected
to be built by applying 3D volumetry and artificial intelli-
gence technology in the future.

In patients with UMHBO, frequent cholangitis and RBO
after stents placement can be fatal. Thus, effective drainage
and long-term TRBO are important for prolonged survival
time. Furthermore, biliary drainage in UMHBO patients
receiving chemotherapy is particularly important. Proper
drainage contributes to a prolonged prognosis by allow-
ing chemotherapy to continue without interruption due to
cholangitis. Previous studies and guidelines had suggested
the importance of the drainage strategy based on DLV for
effective drainage in patients with UMHBO [10-12]. In
this study, we showed that DLV of >50% calculated by
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3D volumetry was associated with better clinical success
and longer TRBO and survival time. This result confirmed
the importance of the drainage strategy based on DLV
in patients with UMHBO. According to the result of this
study, the drainage strategy based on DLV, which aims to
drain > 50% of liver volume is optimal strategy, and 3D vol-
umetry is considered to be an appropriate method for mea-
suring DLV and for deciding the drainage area in patients
with UMHBO. Furthermore, to ensure effective drainage,
follow-up CT scan after stents placement is useful to evalu-
ate whether the area anticipated by stent placement has been
drained. In particular, in the situation that drainage is not
effective after stents placement, follow-up CT scan enables
to determine areas where additional stents should be placed.

Our study has 2 limitations. First, because it was retro-
spective study, the drainage procedures were not uniformed.
The drainage procedures were chosen according to patient’s
condition of diseases, which might have led to bias. Second,
the patients were recruited from a single center; thus, the
sample size was small. Further studies are needed to deter-
mine the usefulness of this method.

In conclusion, this study provides a novel method for
calculating DLV accurately according to the bile duct distri-
bution in patients with UMHBO. Selecting the appropriate
drainage area using this method before biliary drainage is
important.
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